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INTRODUCTION:

Many patients with prostate cancer treated with radiotherapy develop erectile dysfunction and urinary morbidity
induced by exposure to a high dose of radiation. In some cases there are explanations for these reactions, such as
doses to large volumes of normal tissue or pre-existing medical conditions such as diabetes or collagen vascular
diseases. However, there exists an important subset of patients with no clear explanation for excessive post-
treatment morbidity and the potential for a genetic basis must be considered. The purpose of this study is to
investigate whether the ATM gene plays a role in this radiation sensitivity. This gene was selected, as the protein it
encodes, plays a critical role in the response of cells to irradiation and the repair of radiation-induced damage.
Furthermore, cells possessing one mutated copy of this gene are radiosensitive. In addition, the results of a pilot
study screening breast cancer patients are supportive of the hypothesis that patients who are carriers of an ATM
mutation are more likely to develop radiation-induced complications.

The principal goal of this project is to determine whether men who inherit a mutated copy of the ATM gene
are more prone to the development of radiation-induced erectile dysfunction and urinary morbidity. This has largely
been accomplished through comprehensive screening of the ATM gene for germline mutations. Several correlations
have been found between radiosensitivity and ATM heterozygosity, this indicates that possession of a mutated copy
of the ATM gene results in susceptibility to complications for prostate cancer radiotherapy patients (See table 1 and
Figure 1).

Figure 1. Int. J. Radiation Oncology Biol. Phys., Vol. 61. No. I, pp. 196-202, 2005
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Table 1. Int. J. Radiation Oncology Biol. Phys., Vol. 61, No. 1, pp. 196-202, 2005

ATM variants and adverse radiotherapy response ® J. A, CESARETTI er al. 199
Table 4. Each patient with toxicity, genetic, comorbid, and follow-up data
Prospective Last Urinary
Patient erectile follow-up Rectal quality D' Follow-up
#) ATM alteration decline 1IEF-5 bleeding of life (Gy)  Comorbidities {months)
1 4473C=T, 149.1F=F No 24 No 1 184 CAD 21
2 No 18 No 4 192 36
3 4578C=T, 1526P=P: Yes 2 RTOG | [ 180 67
5557G=A, 1853D=N
4 No 20 No 3 208 Tob 37
5 No 16 No 2 205 Tob 29
6 No 24 No 1 165 36
T * 10 No 0 191 70
8 No i No 2 220 49
9 1B810C=T, 604P=5 Yes 16 No 6 208 19
10 3T8T=A, 126D=E: IV57-8insT: Yes 1 No 2 197 DM 12
HT76C=G, 392G=G
11 2685A>G, 8O5L=L; 2614C>T, Yes 1 RTOG | 1 205 40
BT2P=5
12 IVS38-8T = C No 24 No 1 159 60
13 * 23 No 2 174 DM. CAD 31
14 No 1 No 3 210 CAD 20
15 IVS38-8T=C No 19 No 4 164 Tob 39
16 No 14 No a 183 59
17 * 5 No 0 169 44
18 No 22 No 2 220 40
19 No 12 No 2 206 26
20 * 21 No 2 199 Tob 37
21 * 2 No 2 174 DM, CAD 25
22 198A=C, 66K =K * 1 No 1 217 40
23 No 23 No 1 160 25
24 Yes 9 No 2 184 39
25 " 6 No 4 218 32
26 4388T=G, 1463F=C; * 2 RTOG 2 2 209 CAD 13
1810C=T, 604P=5
27 No 15 No 4 205 32
28 5071A=C, 16915=R Yes 1 RTOG 2 2 192 45
29 3161C=G, 1054P=R No 19 No 2 197 27
30 IVS62+BA=C No 19 RTOG | 0 217 CAD 47
3l 4578C=T, 1526P=P Yes 8 No 0 193 26
32 2038T=C, 680F=L No 19 RTOG | a 219 31
33 No 24 No 2 162 7l
34 * 3 No 0 168 CAD 69
35 5557G=A, 1853D=N No 20 No a 186 58
36 No 18 No 1 197 43
7 IVS22-6T=G No 22 No 3 210 29

Abbreviations: CAD = coronary artery disease; DM = diabetes mellitus; RTOG = Radiation Therapy Oncology Group: Tob = active

smoker.

* Patient had a suboptimal erectile function before implant.

* Patient did not fill out ITEF-5.

' Dose to 909 of the prostate gland via brachytherapy.
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In addition, a determination was made as to the pathogenic consequences of each ATM mutation through the use of

functional studies that examined the ability of the ATM protein to act normally in cells from patients who are

carriers of a mutation in this gene. These results were largely negative and remain unpublished because of lack of
clinical application and interest. I have included a table 2 for direct reference and an extended appendix F with the
results in their entirety.

Table 2.
Table 1. Functional Assays of Lymphoblastoid Cells Derived from Subjects
%+ Possessing ATM Variants
Cell Line | Radio- | Mucleotide Amino ATM | Phospho- | Phospho- | Normaliz
Sensi- Change Acid level P53 P53 ed -
tive substitu- 0.5hr 2 hr value
Yes/No tion
MS01-33 no 4138 C=T 1380 H=Y | 1.1+0.6 51+4.4 5.4+3.0 1202
MS01-30 Mo IV35-T MIA 0.5+0.3 20417 4.5+4.0 1.0£04
C=T 126 D=E
378 T=A 1526 P=P
4578 C=T
MS01-38 Yes 0557 G=A | 1853 D=MN | 13200 1.4£1.0 2704 1.1£0.5
0558 AT 1653 D=V
MS01-45 Mo 9557 G=A | 1853 D=N | 04204 | 1406 1.621.0 1.320.1
MS01-51 Yes IVS5-TC=T MIA 0705 2526 05245 0.5z2
378 T=A 126 D=E
MS01-37 Yes 378 T>A 126 D>E | 1.6+02 | 2112 | 20+1.2 | 1.4+04
1176 C=G 392 G=G
4138 C=T 1380 H=Y
MS01-67 Yes 4578 C=T 1526 P=P | 0.5x.09 4 608 10.7£3.7 1.2£0.1
MS01-65 Mo 0557 G=A | 1853 D=MN | 11205 2712 10.1+4.0 1203
Ms01-53 Mo 378 T=A 126 D=E 1.0£0. 25208 6.5x2.1 08203
1176 C=G 392 G=G 1
MS01-07 Mo 4017 G=A 1639 P=F | 0.820.5 0907 2017 05203
0557 G=A | 1853 D=N
0558 AT 1653 D=V
MS01-37 Yes 378 T=A 126 D=E 1.6+0.2 21412 20+1.2 1.4£0.2
1176 C=G 392 G=G
4138 C=T 1380 H=Y
MS02-13 YES 378 T=A 126 T=A | 1.0+02 | 2.0+1.3 51+37 | 12202
6176 C=T 2058 T=1
MS02-73 YES V36245 MIA 0.8+0.3 45+40 3.6+1.3 0.8£0.3
A=C
MS01-87 YES 5071 A=C 1691 5=R | 1.0+0.5 23413 5.0+2.0 0.86£0.1
MS01-03 MO 2614 C=T 8672 P=5 0.7+0.2 1.1+0.8 1.5+0.4 1.2:06




26685 A=C 805 L=L
MS01-35 MO 1229 T=C MOV=A | 09+06 | 29+01 2. T7+3.7 1.1=0.2
MS02-34 YES 915 G=C 25 R=P 20415 1.5+0.6 1.8+1.1 1.32£0.5
MS02-05 YES NONE MNIA 0.7+0.4 | 31+37 4.6+3.7 1.120.3
MS03-13 YES NMONE A 0.7+0.1 3.6+1.2 7.9+3.8 0.920.5
MS03-48 YES NOMNE MIA 05+03 | 24+1.4 6.6+2 1 1.3=01

Table 2, Functional Assays of ATM Homozygoyte and ATM Heterozygote

Z Lymphoblastoid Cell Lines
Cell Line Homozygote | ATM Level | Phospho p53 | Phospho p53 | Normalized
or 05hr 2 hr o-value for

Heterozygote radiation

survival

curve

8388 heterozygote 07+06 16202 6.7+23 1.510.2
8925 heterozygote 0708 19+04 5101 14102
8928 heterozygote 08+03 36+35 3027 17102
9579 heterozygote 0.5+0.3 2313 26x0.3 1.1£0.3
2781 heterozygote 0705 32406 4 5+4 1 16202
0588 heterozygote 05+05 6.1+4 0 6.9+2 8 1.240.3
8436 homozygote | 0.04+0.06 29112 28104 18203
9561 homozygote | 0.08+0.02 1.9+1.7 40+16 2.0+0.3
9562 homozygote | 0.05+0.02 2014 4 21104 221403
2782 homozygote | 0.08+0.05 2.1£31 3.1£1.3 21+£0.3
1525 homozygote | 0.05+0.02 26+11 3.1£12 1.6+02
11254 homozygote | 0.09+0.06 18201 25109 2.3£03
95686 homozygote | 0241022 1710 43£19 1.6+04
13328 homozygote | 013009 06205 2113 21103

This project represents the first study to use the powerful DHPLC mutation screening technique to investigate the
association between possession of a mutated ATM gene and both erectile dysfunction and the entire clinical course
of a patient's urinary morbidity after treatment with radiation for prostate cancer. It is also the first study to examine
whether there is a correlation between the presence of a mutation, development of a radiation-induced complication,
and impairment of ATM protein function based upon cellular and molecular analyses. To this end or group
expanded the initial hypothesis of clinical correlation between side effects and genetic findings to the incidence of
rectal bleeding. Table 3 contains a summary of patient results and our findings.

Table 3. Cesaretti JA, Stock RG, Atencio DP, Peters SA, Peters CA, Burri RJ, Stone NN, Rosenstein BS. “A genetically determined

dose-volume histogram predicts for rectal bleeding among patients treated with prostate brachytherapy.” Int J Radiat
Oncol Biol Phys. 2007 May
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Table 4. ATM variants identified in 48 prostate

cancer l]ﬂIiCIH 5

Nucleotide Mutation ~ Amino acid
Patient no. location Codon type change
1-10 5557G—A 1853 M D—N
11 167T—C 54 S Y—Y
12 1810C—T 604 M P—S
13 198A—C 66 S K—K
14 2038T—C 680 M F—L
15 2119T—C 707 M S—L
16 2362A—C 788 M S5—R
17 2685A—G 895 S L—L
2614C—T 872 M P—S
18 3l61C—G 1054 S P—R
19 JT8T— A 126 M D—E
415G— A 139 M A—=T
20 FJT8T— A 126 M D—E
1176C—G 392 S G—G
IVS7-BinsT N/A N/A N/A
21 5557TG—A 1853 M D—N
IVS38-8T—C N/A N/A N/A
IVS62+8A—C N/A N/A N/A
22 1810C—T 604 M P—S
4388T—G 1463 M F—C
23 4473C—T 1491 S F—F
24-26 4578C—T 1526 S P—P
27 5557G—A 1853 M D—N
4578C—T 1526 S P—P
28 5557G—A 1853 M D—N
IVS38-8T—C N/A N/A N/A
29 5557H 1853 M D—N
IVS38-8T—C N/A N/A N/A
30 5558A—T 1853 M D—V
31 5793 T—C 1931 S A—A
32 2572T—C 858 M D—E
9200C—G N/A N/A N/A
33-45 IVS62+8A—C  N/A N/A N/A
46 735C—T 245 S V=V
47,48 IVS38-8T—C N/A N/A N/A

Abbreviations: S = synonymous; M = missense; N/A = not avail-

able.
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] n f m— = ATM Alteration
each category o — —
who -— ~— — Entire Group
_ 0 / :
experienced . - - = No ATM Alteration
rectal bleeding 29 j,r ‘
Grade | or 2. L
w- [/ -
“ Ol T T T T 1
L 0.7 1.4 21 R
Amount of rectal tissue, in cm’, receiving
brachytherapy prescription dose.
Mumber of 6 32 28 12
ATM Alteration [ 4713 | 4711 [ 6/717 | 277
Mo ATM 1A23 12l [ 3711 | 375
Fisher's Exact | p=0.05 | p=0.04 [ p=1 p=0.56

Fig. 2. Incidence

according to their ATM gene status.

of Grade 1 or 2 rectal bleeding (%) in the entire
group of 108 patients given brachytherapy for prostate cancer and



Table 5. Univariate analysis of the distribution of variables
between patients possessing a variant in ATM (n = 48) and the
patients carrying two wild-type alleles (n = 60) that have been
previously described to predict for both toxicity
and PSA recurrence

ATM ATM
Variable variant (+) variant (—) P
Gleason sum H+04 H+ 0.8 0.73*
PSA (ng/mL) 7.7+5 72+58 (0).39=
Stage (T'1 vs. T2) (n) 26 vs. 22 30 vs. 21 1t
BED 207 £ 26 200 + 25 (.24
Age (v) 64 + 8 64 + 8 0.71%
Follow-up (mo) 43 + 22 475 + 22 0.35°
Hormone therapy 35 45 1t
Addition of EBRT 21 22 1f
Smoker 31 37 1t
Diabetes 2 8 1t
Hypertension 31 33 1f
Coronary artery disease 15 12 1t

African American 15 17 1!




8
BODY:

My annual report covers the period from 2/1/07 to 1/31/08. 1 successfully completed the Mount Sinai Clinical
Research Training Program, which is sponsored by an NIH K30 Clinical Research Curriculum Award, on 5/30/06.
In addition to the training plan, regarding the Clinical Research Training Program, | completed additional
coursework offered by Mount Sinai Medical School and was conferred a masters degree in Clinical Research on
May 30, 2006.

I spent most of the year writing many scientific articles based upon the Mount Sinai experience using low dose rate
brachytherapy for the treatment of prostate cancer in addition to other research efforts directed at the treatment of
both lung and spine cancers. The articles are referenced in appendix A as reportable outcomes and parts of those
articles directly of interest to the aims of the grant are referenced above. In addition to the publication of articles |
have with my mentor received funding as a co-investigator for a study entitled,” Genome-Wide Association Study to
Identify SNPs and CNPs Associated with Development of Radiation Injury in Prostate Cancer Patients Treated with
Radiotherapy”, by the Department of the Army through the Prostate Cancer Research Program synergy award
mechanism. | have opened new protocols for the retrospective study of lung brachytherapy and para-spinal
brachytherapy. In addition, I will be submitting in early fall an RO-1 application which proposes to prospectively
study in a phase Il clinical design the predictive value of testing for mutations in the ATM gene prior to the initiation
of therapy.

In addition to articles, protocols and grants, | have made several presentations over the last year as an invited
speaker and in order to present submitted research papers which | expect to publish in the coming year, they are
enumerated in appendix B as those accepted for formal oral presentations and in appendix C as abstracts presented
as either posters, poster discussion and oral presentations. In appendix D are listed research accomplishments
directly related to the activities outlined in my training grant. | have included in appendix E copies of articles
describing the results of my research and for which I am first author from 2007. The articles are entitled, “A
genetically determined dose-volume histogram predicts for rectal bleeding among patients treated with prostate
brachytherapy”, “Effect of low dose-rate prostate brachytherapy on the sexual health of men with optimal sexual
function before treatment: analysis at >/= 7 years of follow-up” and “Brachytherapy for Prostate Cancer” (1,2,3).

Based upon the abstracts submitted this year and the works in progress at this point, | expect to be able to complete
the aims of my research proposal and have them largely published as outlined in the training and to report the results
of further granting efforts which should sustain my research efforts into the future.
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KEY RESEARCH ACCOMPLISHMENTS:

Completed 24 months of coursework required for Clinicial Research Training Program and received a Masters
degree from the Mount Sinai School of Medicine.

I have published in 2007, 8 out of a total of 11, collaborative works with my clinical mentors Richard Stock, M.D.,
and Barry Rosenstein,PhD., regarding the natural history of prostate cancer treated with brachytherapy and the
genetics of radiosensitivity.

I have established a collaborative effort with the Mount Sinai Department of Urology, which has resulted in the
formulation of a research question for which we are actively seeking funding through the NIH and DOD.

I have given 7 oral presentations at major research meetings throughout the radiation and urological community in
America, Japan and Germany.

| presented my findings regarding my research efforts at an oral presentation at the American Society of Therapeutic
Radiation Oncology (ASTRO) annual meeting in Los Angeles, California in November of 2007, and at least partly
as a result of my efforts 9 other residents, fellows and faculty presented work which | either inspired or collaborated
extensively in regarding its content and formulation.

Our research team has been awarded to pursue a project entitled,” Genome-Wide Association Study to Identify
SNPs and CNPs Associated with Development of Radiation Injury in Prostate Cancer Patients Treated with
Radiotherapy” through the Department of the Army Prostate Cancer Research Program Synergism Award
Mechanism.

Presentation of my research findings in Poster format at the Innovative Minds in Prostate Cancer Today (IMPaCT)
meeting September 5-7, 2007
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REPORTABLE OUTCOMES: Provide a list of reportable outcomes that have resulted from this research to include:
10 Manuscripts in 2007 (appendix A)

7 Oral Presentations in 2007 (appendix B)

11 Abstracts in 2007 (appendix C)
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CONCLUSIONS:

My professional training as a translational scientist with and emphasis on prostate cancer treatment is progressing on
several important fronts. | have published several articles in medical research journals this year about prostate
cancer treatment outcomes, the side effect profile of prostate cancer treatment and the genetics of radiation
sensitivity.

I have completed the K30 Physician Research Training Program and have been conferred a Masters degree in May
2006 in Clinical Research from the Mount Sinai School of Medicine.

The results of my research project were presented at the ASTRO annual meeting in addition to the work of my
residents, my research mentors and my junior faculty colleagues.

The research group has been awarded additional funds to study genetic associations between prostate radiotherapy
and genetic polymorphisms/ mutations.



12

References:

1. Cesaretti JA, Stock RG, Atencio DP, Peters SA, Peters CA, Burri RJ, Stone NN,
Rosenstein BS. “A genetically determined dose-volume histogram predicts for rectal
bleeding among patients treated with prostate brachytherapy.” Int J Radiat Oncol Biol
Phys. 2007 May 8; [Epub ahead of print]

2. Cesaretti JA, Kao J, Stone NN, Stock RG. “Effect of low dose-rate prostate
brachytherapy on the sexual health of men with optimal sexual function before treatment:
analysis at >/= 7 years of follow-up.” BJU Int. 2007 Aug;100(2):362-7.

3. Cesaretti JA, Stone NN, Skouteris BM, Park JL, Stock RG. “Brachytherapy for Prostate
Cancer.” Cancer J. 2007 Sep-Oct;13(5):302-12.



13

Appendix A. - Publications in 2007:

Zagar TM, Stock RG, Cesaretti JA, Stone NN. “Assessment of postbrachytherapy sexual
function: a comparison of the IIEF-5 and the MSEFS.” Brachytherapy. 2007 Jan-Mar;6(1):26-
33.

Ho AY, Burri RJ, Jennings GT, Stone NN, Cesaretti JA, Stock RG. “Is seminal vesicle
implantation with permanent sources possible? A dose-volume histogram analysis in patients
undergoing combined 103Pd implantation and external beam radiation for T3c prostate cancer.”
Brachytherapy. 2007 Jan-Mar;6(1):38-43.

Cesaretti JA, Stock RG, Atencio DP, Peters SA, Peters CA, Burri RJ, Stone NN, Rosenstein BS.
“A genetically determined dose-volume histogram predicts for rectal bleeding among patients
treated with prostate brachytherapy.” Int J Radiat Oncol Biol Phys. 2007 May 8; [Epub ahead of
print]

Ho AY, Fan G, Atencio DP, Green S, Formenti SC, Haffty BG, lyengar P, Bernstein JL, Stock
RG, Cesaretti JA, Rosenstein BS. “Possession of ATM Sequence Variants as Predictor for Late
Normal Tissue Responses in Breast Cancer Patients Treated with Radiotherapy.” Int J Radiat
Oncol Biol Phys. 2007 May 19; [Epub ahead of print]

Cesaretti JA, Kao J, Stone NN, Stock RG. “Effect of low dose-rate prostate brachytherapy on the
sexual health of men with optimal sexual function before treatment: analysis at >/= 7 years of
follow-up.” BJU Int. 2007 Aug;100(2):362-7.

Peters CA, Stock RG, Cesaretti JA, Atencio DP, Peters S, Burri RJ, Stone NN, Ostrer H,
Rosenstein BS. “TGFB1 Single Nucleotide Polymorphisms are Associated with Adverse Quality
of Life in Prostate Cancer Patients Treated with Radiotherapy.” Int J Radiat Oncol Biol Phys.
2007 Aug 7; [Epub ahead of print]

Cesaretti JA, Stone NN, Skouteris BM, Park JL, Stock RG. “Brachytherapy for Prostate Cancer.”
Cancer J. 2007 Sep-Oct;13(5):302-12.

Kao J, Stone NN, Lavaf A, Dumane V, Cesaretti JA, Stock RG. “(125)I monotherapy using D90
implant doses of 180 Gy or greater.” Int J Radiat Oncol Biol Phys. 2007 Oct

Lavaf A, Genden EM, Cesaretti JA, Packer S, Kao J. “Adjuvant radiotherapy improves overall
survival for patients with lymph node-positive head and neck squamous cell carcinoma” Cancer.
2007 Dec 12; [Epub ahead of print]

Cesaretti J, Pennather A, Rosenstein B, Swanson S, Fernando H. “Radiosurgery for Thoracic
Malignancies.” Ann Thorac Surg. 2008 Jan; [In press]



14
Appendix B — Presentations in 2007

Cesaretti JA. “Loose versus Stranded seeds.” “Genetic Predictors of Radiotherapy Response.” “Salvage
Brachytherapy.” 12 Annual Scottsdale Prostate Cancer Symposium, March 1-4, 2007, Scottsdale, Arizona.
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INTRODUCTION

In the treatment of prostate cancer, the efficacy of the vari-
ous frestment options is of diminishing importance relative
o the side-effect profiles becamse currently available inter-
ventions render similar disease-free survival rates {1-3).
Radiation-related side effects are mediated by a number of
known patient- and irestment-related Factors. Patient-relaed
characteristics including age, performance status, nuwiritional
state, severity of diabetes, peripheral vascular disease, and
fhe functional stams of the periprostatic organs before radio-
therapy are known to increase the incidence and severity of
radistion-related side effects (4-6). Regading trestment-
related factors, total dose and dose raie of radistion given to

the pelvis, recm, bladder, and ejaculstory apparams are
alsp known to affect the incidence of side effects (T-100
Recent insight into the eticlogy of radistion-induced side
effects was obtained from Radiation Therapy Oncology
Group (RTOG) trial 94-06, which reponted a difference in
the incidence of late RTOG Grade 2 rectal bleeding using
1.8-Gy fractions to 79 Gy and 20-Gy fractions & TH Gy,
the lower dose per fraction afforded a 9% incidence, com-
pared with a 33% incidence with the higher dose per frac-
tion {110

With the advent of newer technologies, there iz in-
cressed interest in decreasing the incidence of side effect.
With intensity-modulsted radiotherapy and image-guided
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Brachytherapy for the Treatment of Prostate Cancer

Jamie A. Cesaretti, MD, M5 * Nelvon N. Stone, MD,* Vassilios M. Skouteris, MD. *
Janelle L. Park, MD,*{ and Richard &. Stock, MD*

Absiract: Low-dose mte brachytherapy has become o mairetream
treatment option for mem disgnosed with prostate cancer becsuse of
eome llent long-term treatment outcomes in low- , intermediate- . and.
high-risk patients. Largely due to patent lead advocacy for mint-
mally imvasive treatment opbiors., high-quality prostate implarts
have become widely available in the TS, Burope, and Japan. The
recson that brachytherapy results are reproducible in sevem| differ-
mtp.'mﬁnunﬂ'h:glilhummmuﬁphtqu]ﬂyﬁmm
have been defined over the lest 20 yeam, which can be apphed
objectively to judge the success of the intervention both durng and
after the progedure. In addition, recent long-term follow-up studies
have olarified that the secondary cancer incidence of brachytherapy
is mot chmeally mesnngful. In terms of future directions, the shady
of mdiation repair geretios may allow for the courese hing physician
to better estimate any given patients risk for smide effeats, thereby
substantially reducing the therapeutic uncertminties faced by patients
choosing a prostate canger interventon.

Key Words: prostate cancer, prosibe brachytherapy, nommmally
invasive teckmiques

[Camoar J 2007;13: 302-313)

he use of low dose rate brachytherapy using compuber-
assisted treatment planming confers a reproducible cure
rate with a limited side effect profile.! The first concaption of
the transperineal approach using a transrectal ulraseund
probe was initially reported by Holm in 1983, Ower the last
25 years numerous significant advances have haen made,
which built on this initial insight.>-* In this review we will
first describe the various methods that have evolved relating
to 8 transperineal approach. After this discussion, we will
teview the efficacy and side effects of prostate brachythempy.
Outeormnes derived from a broad range of bmchythemapy
exparienca, including results from lamme institutions with 20
years of experience, as well as msults from groups mpoerting
their initial casas, will be presented. This diversity of eocellent
mesults is arguably the main strength of prostate bmehythempy
mlative to the other available methods for the reafmment of
localized prostate cancer. Low dose rate brachytherapy pio-

From *Department of Badiation Onoology, The Mount Sinmi School of
Medigine, ond tDvepartment of Eadiation Onoology, Jmmes 1. Peters VA
Hospitnl, New York, NY.

Reprints: Jomie & Cesretti, MDD, ME, 1184 5h Avenue, Box 17%, New
Yark, MY 10029, E-mmil: jomie. cesmretti@marpibenlth. org.

Copyright © 2007 by Lippincott Williams £ Wilkins

ISEN: 1528911707/ 13050002

neers carefully delineated implant quality factors, which has
provided a solid foundation upen which reproducible results
are possible across a spectrum of clinical experence ™

IMPLANT TECHMIGUES

Real Time

In 1990 physicians at the Mount Sinai Medical Center
developed the prostmte brachytherapy technique termed the
real-time method. This technique is heavily reliant on de-
tailed clinical knowledge of the transverse and sagittal ultra-
sound anatomy of the prostate gland. According to the orig-
inal inception of this method, an activity per volume tahbla
(nomogram) is used to find the proper amount of activity for
the seads to be implanted. Based on the concapts put forth by
Patterson and Parker, a peripherally weighted implant can be
completed by following a relatively straightforward set of
guidalines.

The first steap, usually performed in the urologist’s
office, is determination of prostate volume by applying an
allipsoid fommula Cheight = width * length * 0.52). This
volume is used to determine the number of seeds and total
activity ordered for the patient by referring to a look-up table.
In the operating room, the prostate vohume is remeasured
using step-section planimetry at 54mm intervals ffom basa to
apex. Three longitudinal measurements (anterior, middle, and
posterior) of the prostate are made in the midline to find te
avermge length of the gland; this important step serves as a
general guide for the mumber of seads to be placed within the
periphery and imterior of the gland. The suggested seed
activities for both I-125 (range 0.3-0.6 mCi) and Pd-103
(1.5-3 U} are tifrated as such to give a continuous isodose
ling with each other if placed no further than lem apart.
Tharafora, a prostate length of 3 em will require 4 saeds, 1 at
both the apex and base and 2 in the middle. & 4-cm length
will require 5 seads and so forth. The number of peripheral
neadlas is determined by taking a circurnferential measure-
ment at the prostate’s greabest transverse diameter. If the
circumference is 12 em, then at least 12 needles should be
usad. The final decision on the mumber of needles and spacing
betwesn neadlas and seads will be somewhat dependent on
the activity per sead selected. A higher activity will allow
greater spacing (and therafore fawer neadles and seads) but at
a cost of neading to be mom consarvative with proximity to
the urethra and rectum. Thess simple measumements, in ad-
dition to referencing the look-up table, allow one to have a
teliable road map for the seed implant without the use of a
computer-mediated plan. In addition, it allows the implant
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Appendix F

An additional goal of this study was to perform functional assays to determine the effect of ATM sequence
variants on the function of the ATM protein. This research was accomplished using lymphoblastoid cell lines
derived from EBV transformed lymphocytes obtained from five subjects who did not exhibit late responses and
did not possess ATM genetic alterations. For experiments in which p53 phosphorylation was measured, cells
were irradiated with either 0 or 4 Gy of x-rays and incubated either 0.5 or 2 hr. The densitometric results for
each time point were divided by the value in each experiment for unirradiated cells to normalize these results.
Each irradiation was performed a total of three times. The mean values (with standard deviations) for wild type
cells incubated either 0.5 or 2.0 hr were 3.2+1.7 or 6.9+3.1, respectively. The results for the cell lines
possessing variants are shown in Tables 1 and 2. In addition, ATM protein levels were measured in each cell
line in three separate experiments and divided by the average value obtained for the five wild type ATM cell
lines.

Table 1. Functional Assays of Lymphoblastoid Cells Derived from Subjects Possessing ATM Variants

Cell Line | Radio- | Nucleotide Amino ATM Phospho- | Phospho- | Normaliz
sensi- Change Acid level p53 p53 ed a-
tive Substitu- 05 hr 5 hr value
Yes/No tion
MS01-33 no 4138 C>T 1380 H>Y | 1.1+0.6 5.1+4.4 5.4+3.0 1.240.2
MS01-30 No IVS5-7 C>T N/A 0.5+0.3 2.0+1.7 4.5+4.0 1.0+0.4
378 T>A 126 D>E
4578 C>T 1526 P>P
MS01-39 Yes 5557 G>A | 1853 D>N | 1.3+0.9 1.4+1.0 2.710.4 1.1+0.5
5558 A>T 1853 D>V
MS01-45 No 5557 G>A | 1853 D>N | 0.4+.04 1.4+.0.6 1.6+1.0 1.3+0.1
MS01-51 Yes IVS5-7C>T N/A 0.74¢0.5 2.51+2.6 9.5+4.5 0.5%.2




22

378 T>A 126 D>E
MS01-37 Yes 378 T>A 126 D>E 1.610.2 2.1+1.2 2.0+1.2 1.4+0.4
1176 C>G 392 G>G
4138 C>T | 1380 H>Y
MS01-67 Yes 4578 C>T 1526 P>P | 0.5+.09 4.610.8 10.7£3.7 1.2+0.1
MS01-65 No 5557 G>A | 1853 D>N | 1.1+0.5 2.7£1.2 10.1+4.0 1.240.3
Ms01-53 No 3718 T>A 126 D>E | 1.0+£.0.1 | 2.5+0.8 6.5+2.1 0.840.3
1176 C>G 392 G>G
MS01-07 No 4917 G>A 1639 P>P | 0.8+0.5 0.940.7 2.0£1.7 0.5+0.3
5557 G>A | 1853 D>N
5558 A>T | 1853 D>V
MSO01-37 Yes 378 T>A 126 D>E 1.6+0.2 2.1+1.2 2.0+1.2 1.440.2
1176 C>G 392 G>G
4138 C>T | 1380 H>Y
MS02-13 YES 3718 T>A 126 T>A | 1.0+0.2 2.0+1.3 5.1+3.7 1.240.2
6176 C>T 2059 T>I
MS02-73 YES 1IVS62+8 N/A 0.8+0.3 4.5+4.0 3.8+1.3 0.8+0.3
A>C
MSO01-87 YES 5071 A>C 1691 S>R | 1.0+0.5 2.3+1.3 5.0+2.0 0.8+0.1
MS01-03 NO 2614 C>T 872 P>S 0.7+0.2 1.1+0.8 1.5+0.4 1.2+0.6
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2685 A>C 895 L>L
MS01-35 NO 1229 T>C 410 V>A | 0.9+0.6 2.9+0.1 5.7+3.7 1.1+0.2
MS02-34 YES 915 G>C 25 R>P 2.0+1.5 1.5+0.6 1.8+1.1 1.3+0.5
MS02-05 YES NONE N/A 0.7+0.4 3.1+3.7 4.6+3.7 1.1+0.3
MS03-13 YES NONE N/A 0.7+0.1 3.6+1.2 7.9+3.8 0.9+0.5
MS03-48 YES NONE N/A 0.5+0.3 24+1.4 6.8+2.1 1.340.1

Table 2. Functional Assays of ATM Homozygoyte and ATM Heterozygote Lymphoblastoid Cell Lines

Cell Line Homozygote | ATM Level | Phospho p53 | Phospho p53 | Normalized
or 0.5 hr 2 hr o-value for
Heterozygote radiation
survival
curve
8388 heterozygote 0.7+0.6 1.6+0.2 6.7+2.3 1.5+0.2
8925 heterozygote 0.7+0.8 1.9+0.4 5.1+0.1 1.4+0.2
8928 heterozygote 0.8+0.3 3.843.5 3.5+2.7 1.7+0.2
9579 heterozygote 0.5+0.3 2.3+1.3 2.61+0.3 1.1+0.3
2781 heterozygote 0.7+0.5 3.2+0.6 4.5+4.1 1.6+0.2
9588 heterozygote 0.5+0.5 6.1+4.0 6.9+2.8 1.2+0.3
8436 homozygote | 0.04+0.06 2.9+1.2 2.840.4 1.840.3
9581 homozygote | 0.08+0.02 1.5+1.7 4.0+1.6 2.0+0.3
9582 homozygote | 0.05+0.02 2.0+4.4 2.1+0.4 2.2+0.3
2782 homozygote 0.08+0.05 2.1+3.1 3.1+1.3 2.1+0.3
1525 homozygote | 0.05+0.02 2.6+1.1 3.1+1.2 1.840.2
11254 homozygote 0.09+0.06 1.8+0.1 2.5+0.9 2.310.3
9586 homozygote | 0.24+0.22 1.7+1.0 4.3+1.9 1.8+0.4
13328 homozygote | 0.13+0.09 0.6+0.5 2.1+1.3 2.1+0.3

The results for cells derived from AT patients clearly show a significantly lower level of ATM protein in
these cells compared with wild type cells. In addition, the levels of p53 phosphorylation are consistently lower than
those detected in wild type cells. The ATM levels are also consistently lower in the heterozygotes and the levels of
phosphorylated p53 are also generally lower, although none of these values differed significantly from those
obtained for wild type cells due to the variation in the results between experiments. There was a variation among the
cell lines, but no clear pattern emerged that correlated either with the possession of an ATM variant (including the
5557 SNP) or whether the patient developed a late radiotherapy reaction. Hence, the results of this work suggest that
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neither measurement of ATM levels nor p53 phosphorylation can serve as a predictor as to whether the patient will
develop late morbidity following radiotherapy.

The radiosensitivity of each cell line was also determined from the growth response of cells irradiated with
either 0, 0.5, 1.0 or 2.0 Gy of X-rays by extrapolating the growth curve to the intercept at zero time. The
radiosensitivity of each cell line was estimated from the a-value (S = eP) normalized to the value obtained for wild
type cells listed in Tables 1 and 2. The a-values for the cell lines derived from AT patients were all significantly
greater than one. In addition, the a-values for the AT heterozygotes were consistently greater than one, although
generally not significantly greater. In contrast, the o-values for the cell lines obtained from the breast cancer patients
were variable and none was significantly greater than one.

This is not altogether surprising, since clearly none of the patients screened in this study manifested a
radiation sensitivity approaching that displayed by a person suffering from AT. Any radiosensitive patients likely
have only a mild radiosensitivity. However, even a slight radiosensitivity is probably sufficient to result the
development of a late response since the dose used in treating breast cancer represents the tolerance dose. Hence,
even just a 5-10% increase in radiosensitivity will make the difference as to whether a person will or will not
develop a radiation complication. It is likely that the subtle changes in ATM protein function that result from the
variants identified in this study are sufficient to cause these types of very mild changes in protein function. In
contrast, it is impossible with the techniques currently available to detect such small changes in ATM function using
the westerns performed in this work to measure ATM levels and p53 phosphorylation. Hence, the results of this
study indicate that the identification of genetic variants will serve as a far more important basis of a predictive assay
for radiosensitivity compared with functional assays.

Key Research Accomplishments

e No significant differences were detected in any of the functional end-points measured between patients
who developed late complications compared with those that did not exhibit this type of radiation-induced
morbidity. In addition, no significant differences in the results for the functional assays were identified for
any ATM variant compared with wild type cells.



